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Introduction {#sec1}
============

Respiratory viral infections represent a group of diseases that affect millions of people worldwide, mainly kids and elderly people. Respiratory viruses, which comprises influenza (IV), human respiratory syncytial (HRSV), human rhinovirus (HRV), human metapneumovirus (HMPV), parainfluenza, and adenovirus and coronavirus (CoV), can infect the upper and/or lower respiratory tract in humans. Many of them cause common clinical signs and symptoms, including nasal congestion, cough, sore throat, and fever, or more specific and severe manifestations, such as bronchiolitis, pneumonia and severe acute respiratory syndrome ([@bib1]). Respiratory viral infections are, in general, associated with cytokine production, inflammation, cell death, and other pathophysiological processes, which could be link with a redox imbalance or oxidative stress (OS). It is known that an overproduction of reactive oxygen species (ROS) and antioxidant mechanisms deprivation are crucial for viral replication and the subsequent virus-associated disease ([@bib2]).

Severe acute respiratory syndrome coronavirus (SARS-CoV) first emerged in China\'s Guangdong Province in November 2002 ([@bib3]). CoVs are a large family of single-stranded RNA viruses, which can infect animals and humans, causing respiratory, gastrointestinal, hepatic, and neurologic diseases ([@bib4]). Nowadays, this pathogen has become the center of global attention, due to the recent spread of a new strain, named SARS-CoV-2 (previously 2019-nCoV), pathogenic agent of Covid-19 disease. SARS-CoV-2 has expanded from Wuhan province throughout China and is being exported to a growing number of countries, some of which have seen onward transmission ([@bib5]). To date (April 7^th^), SARS-CoV-2 has affected to 1.430.453 persons and caused 82,133 deaths in the world ([@bib6]). Covid-19 infection is characterized by fever, severe pneumonia, RNAaemia, combined with the incidence of ground-glass opacities, and acute cardiac injury. Of note, a significant high blood levels of cytokines and chemokines have been observed in patients with Covid-19 infection. The "cytokine storm" trigger a proinflammatory environment which is strongly associated with a severe tissue damage, contributing with the fatal outcomes of Covid-19 patients ([@bib7]). It is well established the link between inflammation and OS ([@bib8]). Thus, the aim of the present work was to review the role of OS in the pathogenesis and progression of respiratory diseases caused by SARS-CoVs.

Oxidative Stress Physiology and Pathology {#sec1.1}
-----------------------------------------

OS has been defined as a disturbance in the prooxidant-antioxidant balance in favor of the prooxidants, leading to cell damage ([@bib9]). However, the current knowledge on the redox signaling pathways has been reconceptualized OS, including two main mechanisms: ([@bib1]) macromolecular damage, and ([@bib2]) disruption of thiol redox circuits, which leads to aberrant cell signaling and dysfunctional redox control ([@bib10],[@bib11]). The disruption of redox circuits caused by specific reaction with the redox-sensitive thiol elements, altered pathways of electron transfer, or interruption of the gating mechanisms ([@bib11]) play important roles in physiology and physiopathology.

High levels of ROS generation due to pollutants, toxins, as well as viral infections in airways, are associated with OS causing cellular damage. Several respiratory viruses induce a dysregulated ROS formation, as a result of increased inflammatory cell recruitment at the site of infection. Also, viral infections disrupt antioxidant mechanisms, leading to unbalanced oxidative-antioxidant status and subsequent oxidative cell damage. While exposure to several pro-oxidants usually leads to nuclear factor Nrf2 activation and upregulation of antioxidant response elements expression, respiratory viral infections have been associated with inhibition of Nrf2 pathways and/or NF-kB signaling activation, leading to inflammation and oxidative damage ([@bib12]).

Oxidative Stress and SARS-CoV Infection {#sec1.2}
---------------------------------------

While there is a clear correlation between OS markers and the severity of many viral diseases such as hepatitis C (HCV), for SARS-CoV clinical data is limited. However, in the preclinical setting, many lines of evidence suggest that overproduction of ROS and a deprived antioxidant system plays a major role in the pathogenesis of SARS-CoV infection, as well as in the progression and severity of the respiratory disease. Experimental animal models of severe acute respiratory syndrome have shown an enhanced ROS levels and disturbance of antioxidant defense during SARS-CoV infection ([@bib13]). Some authors suggest that the onset of severe lung injury in SARS-CoV infected patients depends on activation of the oxidative stress machinery that is coupled with innate immunity and activates transcription factors, such as NF-κB, resulting in an exacerbated proinflammatory host response ([@bib14]). Lin and coworkers ([@bib15]), showed that SARS-CoV 3CL^pro^ (a viral protease) caused a significant increase in ROS production in HL-CZ cells, which in turn, is involved in 3CL^pro^-induced cell apoptosis. In this study, the authors demonstrated that SARS-CoV 3CL^pro^ activates NF-kB-dependent reporter gene, which was correlated with the increase of ROS levels in HL-CZ cells. Consensus NF-kB sites exist in the promoters of apoptosis related genes and proinflammatory genes. Therefore, the authors suggest that ROS-activated NF-kB signal transduction pathway, induced by SARS-CoV 3CL^pro^, might be considered a key player in SARS-CoV pathophysiology. In addition, other SARS-CoV\'s protease, the 3a protein, has been associated with the activation of mitochondrial cell death pathways (intrinsic and extrinsic signaling). The proposed mechanism involves Bax oligomerization and higher levels of p53 in 3a protein-expressing Huh7 cells, which depended on the p38 MAPK activation in these cells ([@bib16]). Mitogen-activated protein kinase (MAPK) are a family of serine/threonine that are activated in response of environmentally stresses including oxidative stress, DNA damage, carcinogenic stimuli and viral infections. Activated (phosphorylated) forms of all MAPK members has been detected in cells infected with SARS-CoV ([@bib2]).

Apoptosis induced by human CoV (HCoV) infection has been studied by immunopathologic techniques, in which hallmarks of apoptosis were observed in SARS-CoV-infected lung, spleen, and thyroid tissues. Also, activation of apoptosis induced by SARS-CoV, in particular HCoVs, was described in previous *in vitro* studies and animal models ([@bib17]). Apoptosis can be induced by multiple mechanisms in HCoV-infected cells. CoV was shown to induce caspase-dependent apoptosis, needed for viral replication ([@bib18]). Literature reports suggested that SARS-CoV replicates in Vero-E6 cells inducing a weak Akt signaling pathway activation, which cannot prevent apoptosis induced by SARS-CoV infection ([@bib19]). Activation of the PI3K/Akt signaling pathway by a variety of viruses is thought to be involved in the establishment of latent and chronic infections by allowing virus-infected cells to escape from apoptosis. Activation of the PI3K/Akt signaling pathway may lead to a delay in apoptosis of host cells, and the virus life cycle might be completed before apoptosis of host cells takes place. Thus, cellular apoptosis facilitates the spread of the virus in the organism ([@bib20]). A recent study demonstrated experimentally that rhein, an anthraquinone natural compound, suppresses influenza A virus (IAV)-induced acute lung injury *in vitro* and *in vivo* by arresting inflammation, IAV-mediated oxidative stress and IAV-induced activation of TLR4, Akt, p38, JNK, and NF-κB signal pathways ([@bib21]).

Oxidative stress - NF-kB - toll-like receptor (mainly TL4) signaling pathways, triggered by viral pathogens like SARS-CoV, may further amplify the host inflammatory response, ultimately leading to acute lung injury. TLR4-TRIF-TRAF6 signaling was identified as a pathogenic pathway that can mediate the severity of acute lung injury. The oxidized phospholipid, generated by lung macrophages, was able to induce cytokine overproduction and lung injury via TLR4-TRIF. Oxidized phospholipids have been previously identified in human and animal lungs infected with SARS virus. In *in vivo* models, loss of TLR4 or TRIF expression protected mice from H5N1-induced acute lung injury (ALI). In addition, deletion of ncf1, which can regulate ROS generation, improves the severity of IV-induced ALI. Thus, these authors suggest that oxidative stress and innate immunity play key roles in the severity of ALI caused by respiratory viruses ([@bib22]).

In the clinical setting, Shao and coworkers ([@bib23]) observed an upregulation of mitochondrial genes and genes responding to oxidative stress in peripheral blood mononuclear cells (PBMC) of convalescent SARS-CoV patients. Some of these genes, including PRDX1, FTH1, and FOS are sensitive to oxidative stress, showed a remarkable elevation. In addition, stress response protein DNAJB1, differentiation-associated gene IFRD1, cytokine IL-1B, and other genes were overexpressed in PBMC of SARS-CoV infected patients. These results support the association between oxidative stress, inflammation and the pathogenesis of SARS-CoV infection ([@bib23]).

Oxidative Stress and Ageing in SARS-CoV Infection {#sec1.3}
-------------------------------------------------

The severity and mortality risk of SARS-CoV-2 infection or Covid-19 disease have been associated with the age ([@bib24]). Based on current data, the mean case fatality rate for adults aged under 60 is estimated to be less than 0.2%, compared with 9.3% in those aged over 80. Furthermore, comorbidities such as diabetes, obesity, and hypertension increased mortality risk by five times, however the risk seems to be lower for younger patients than older subjects ([@bib25]). In a large study analyzed 4021 confirmed cases of CoV pneumonia, the results showed that 1 052 (26.2%) patients were aged at 60 years or older. The observed mortality rate of patients aged 60 years and over (5.3%) was significantly higher than that of patients under 60 years (1.4%) ([@bib26]). On the other hand, a retrospective study of patients with Covid-19, who were hospitalized in Hainan Provincial People\'s Hospital during January--February 2020, showed that elderly patients (32.14%) were more likely to progress to severe disease than youngers ([@bib27]).

It is well established that antioxidant mechanisms deprivation together with oxidative damage accumulation occur during ageing process ([@bib28],[@bib29]). It has been observed that in aged mice there are more severe SARS-CoV-induced lung lesions than in young-adult mice. The transcription profile in aged mice generally indicated a stronger proinflammatory environment than in young animals. It is suggested that age related accumulated oxidative damage and a weakened antioxidant defense system cause a disturbance in the redox balance, resulting in increased reacting oxygen species. Therefore, ageing is not only associated with alterations in the adaptive immune response, but also with a proinflammatory state in the host. In macaques, a stronger host response to virus infection than young adult macaques, with an increase in differential expression of genes associated with inflammation, with NF-kB as central player, has been documented ([@bib30]).

Conclusions {#sec2}
===========

In conclusion, literature evidence suggests that oxidative stress and chronic low-grade inflammation in the lungs are associated with aging and may contribute to age-related immune dysfunction and mortality risk in aged patients affected by respiratory virus infections, such as SARS-CoV-2.
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